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PROBLEM TO BE SOLVED: To provide a laser 
processing device capable of improving the hole making 
processing speed. 

SOLUTION: A stepless laser light volume controller 13, 
which can change the laser beam volume continuously, is 
installed on the optical path of the laser beam, and a 
uniform optical system 20, which ensures a uniformity of 
the laser beam energy intensity distribution, is installed 
next to the stepless controller. The section shape of the 
laser beam from the uniform optical system is made to 
be a rectangle, and a processing substrate 1 7 is 
irradiated with the laser beam through the mask holding 
hole patterns for making plural holes in the irradiation 
range of the rectangulorly shaped laser beam, resulting 
in making plural holes simultaneously. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In the laser-beam-machining equipment which irradiates the laser beam of the shape 
of a pulse from a laser oscillation machine at a processed substrate, and performs punching 
processing An adjustable quantity of light stepless gradation ready device is continuously 
established for the quantity of light of this laser beam into the optical path of said laser beam. 
After this quantity of light stepless gradation ready device, the homogeneity optical system 
which makes the intensity distribution of laser beam energy homogeneity is established further. 
The cross-section configuration of the laser beam from this homogeneity optical system is used 
as a long square. To said processed substrate Laser-beam-machining equipment characterized 
by making two or more punchings possible at coincidence by irradiating a laser beam through the 
mask which has a hole pattern for two or more punchings in the exposure region of the laser 
beam of the cross-section configuration of said long square. 

[Claim 2] It is laser-beam-machining equipment characterized by including the motor by which 
said quantity of light stepless gradation ready device has been arranged in laser-beam-machining 
equipment according to claim 1 in the pass band of a laser beam, and which extracts and drives 
a device and this. 

[Claim 3] It is laser-beam-machining equipment characterized by including the KARAIDO 
reflecting mirror to which said homogeneity optical system equalizes the intensity distribution of 
laser beam energy by the multiple echo in laser-beam-machining equipment according to claim 2. 

[Claim 4] It is laser-beam-machining equipment characterized by carrying out mirror plane 
finishing so that the amount of [ which is the hollow prism block with which said KARAIDO 
reflecting mirror consists of oxygen free copper or beryllium in laser-beam-machining equipment 
according to claim 3, and becomes the passage way of said laser beam ] centrum may have a 
predetermined cross-section configuration. 

[Claim 5] In laser-beam-machining equipment according to claim 4, the laser beam which came 
out of said KARAIDO reflecting mirror Make it shake at the predetermined field of said mask with 
a GARUBANO scanner, and it is made to irradiate. Said GARUBANO scanner The 1st 
galvanomirror for the X-axes for making X shaft orientations shake a laser beam on said 
processed substrate, Laser-beam-machining equipment characterized by including the 2nd 
galvanomirror for the Y-axes for making Y shaft orientations shake the laser beam from this 1st 
galvanomirror on said processed substrate. 

[Claim 6] Laser-beam-machining equipment characterized by establishing the contraction 
projection optics for reducing the cross-section configuration of the laser beam from said 
KARAIDO reflecting mirror with at least one image formation lens, and projecting on said mask 
between said KARAIDO reflecting mirrors and said GARUBANO scanners in laser-beam- 
machining equipment according to claim 5. 

[Claim 7] It is laser-beam-machining equipment characterized by said mask being a contact 
mask in laser-beam-machining equipment according to claim 6. 

[Claim 8] It is laser-beam-machining equipment characterized by said mask being a conformal 
mask in laser-beam-machining equipment according to claim 6. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laser-beam-machining equipment which 
irradiates the laser beam of the shape of a pulse from a laser oscillation machine at a processed 
substrate, and performs punching processing. 
[0002] 

[Description of the Prior Art] In response to the demand of the densification of a printed-circuit 
board accompanying the miniaturization of electronic equipment, and high-density-assembly- 
izing, the multilayer printed circuit board which carried out the laminating of two or more 
printed-circuit boards is offered in recent years. It is necessary to connect conductive layers 
(copper foil) electrically in such a multilayer printed circuit board between the printed-circuit 
boards by which the laminating was carried out up and down. Such connection forms the hole 
called the Bahia hall which reaches a lower layer conductive layer to the insulating layer (usually 
polymers, such as polyimide and epoxy system resin) of a printed-circuit board, and is realized 
by performing electric conduction plating to the interior of the hole. 

[0003] In order to form such a Bahia hall, laser is used recently. The laser-beam-machining 
equipment using laser is C02. A pulse-like laser beam is generated with a gas laser oscillator, 
and this is led to the mask for fabricating the cross-section configuration of a laser beam. 
Incidence of the laser beam fabricated with the mask is carried out to the scan system called a 
GARUBANO scanner, and it is irradiated through ftheta lens by the printed-circuit board as a 
processed substrate. A GARUBANO scanner has the 1st galvanomirror 71 for making X shaft 
orientations shake a laser beam, and the 2nd galvanomirror 72 for making Y shaft orientations 
shake the laser beam from the 1st galvanomirror 71, as shown in drawing 7 . 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, a GARUBANO scanner is controlled 
based on the processing pattern defined beforehand, a laser beam is made to shake in a 
scanning zone (for example, square field whose one side is dozens of cm), and it performs one 
punching at a time to a position by carrying out a positioning exposure. Therefore, the processing 
field in a processed substrate is decided in the scanning zone of a GARUBANO scanner. 
Moreover, since the rate of punching processing is mainly decided by the speed of response of a 
galvanomirror, it has a limit. 

[0005] Then, the technical problem of this invention is to offer the laser-beam-machining 

equipment which can aim at improvement in the rate of punching processing. 

[0006] 

[Means for Solving the Problem] In the laser-beam-machining equipment which this invention 
irradiates the laser beam of the shape of a pulse from a laser oscillation machine at a processed 
substrate, and performs punching processing An adjustable quantity of light stepless gradation 
ready device is continuously established for the quantity of light of this laser beam into the 
optical path of said laser beam. After this quantity of light stepless gradation ready device, the 
homogeneity optical system which makes the intensity distribution of laser beam energy 
homogeneity is established further. The cross-section configuration of the laser beam from this 
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homogeneity optical systerr^^sed as a long square. To said procesd^^bbstrate By irradiating 
a laser beam through the masK which has a hole pattern for two or more punchings in the 
exposure region of the laser beam of the cross-section configuration of said long square, it is 
characterized by making two or more punchings possible at coincidence. 

[0007] It extracts and said quantity of light stepless gradation ready device contains the device 
and the motor which drives this arranged in the pass band of a laser beam. 
[0008] On the other hand, it is characterized by carrying out mirror plane finishing especially of 
said KARAIDO reflecting mirror including the KARAIDO reflecting mirror to which said 
homogeneity optical system equalizes the intensity distribution of laser beam energy by the 
multiple echo, so that the amount of [ which is the hollow prism block which consists of oxygen 
free copper or beryllium, and becomes the passage way of said laser beam ] centrum may have a 
predetermined cross-section configuration. 

[0009] Make the laser beam which came out of said KARAIDO reflecting mirror shake at the 
predetermined field of said mask with a GARUBANO scanner, and it is made to irradiate it again 
according to this invention. Said GARUBANO scanner The 1 st galvanomirror for the X-axes for 
making X shaft orientations shake a laser beam on said processed substrate, The laser-beam- 
machining equipment characterized by including the 2nd galvanomirror for the Y-axes for making 
Y shaft orientations shake the laser beam from this 1st galvanomirror on said processed 
substrate is offered. 

[0010] It is desirable to establish the contraction projection optics for reducing the cross- 
section configuration of the laser beam from said KARAIDO reflecting mirror with at least one 
image formation lens, and projecting on said mask between said KARAIDO reflecting mirrors and 
said GARUBANO scanners. 

[001 1] A contact mask or a conformal mask is used for said mask. 
[0012] 

[Embodiment of the Invention] Below, the gestalt of operation of this invention is explained with 
reference to a drawing. Drawing 1 shows the outline configuration of the laser-beam-machining 
equipment by this invention. It sets to drawing 1 and is TEA(Transversely Excited Atmospheric 
pressure) C02 as a laser generation source here. The gas laser oscillator (it is hereafter called a 
laser oscillation machine) is used. Incidence of the laser beam of the shape of a pulse which 
carried out outgoing radiation is carried out to the laser intensity stepless gradation ready device 
13 via the 1st and 2nd reflecting mirror 1 1 and 12 from the laser oscillation machine 10. Including 
the stepping motor which drives a diaphragm device and this, the laser intensity stepless 
gradation ready device 13 is a principle like the drawing device of a camera, and adjusts the 
quantity of light of the laser which carries out incidence. That is, the laser beam which carries 
out incidence to the laser intensity stepless gradation ready device 13 usually has a rectangle of 
the size whose cross section is about 11mmx9mm. The laser beam of this cross-section 
rectangle is restricted in part mechanically, and the laser intensity stepless gradation ready 
device 13 starts it. And the energy of the started laser beam serves as adjustable in relation to 
that logging area, and this value is adjustable in relation to the rotation of a stepping motor. 
[0013] Incidence of the laser beam from the laser intensity stepless gradation ready device 13 is 
carried out to the homogeneity optical system 20. The homogeneity optical system 20 is a focal 
distance f1. The condenser lens 21 for incidence and the KARAIDO reflecting mirror 22 are 
included. Although the homogeneity optical system 20 is later mentioned about the structure, it 
is for carrying out incidence of the laser with the intensity distribution of a single mode or a 
multimode to the KARAIDO reflecting mirror 22 with the condenser lens 21 for incidence, and 
making the energy intensity distribution of a laser beam into homogeneity in the KARAIDO 
reflecting mirror 22 using the multiple echo in the interior. The laser beam which came out of the 
homogeneity optical system 20 is a focal distance f2 and f3. Contraction projection is carried out 
with the image formation lenses 14 and 15, it is shaken by the scan system 16 with the 
GARUBANO scanner mentioned above, and the processed substrate 17 on X-Y stage 30 
irradiates. 

[0014] Here, the scan system 16 has the 1st galvanomirror 16-1 for making X shaft orientations 
shake a laser beam to the processed field, i.e., the scan field, of the processed substrate 1 7 on 
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X-Y stage 30, and the 2nd 




omirror 



1 6-2 for making Y shaft oriel 




ns shake the laser 



beam from the 1st galvanomirror 16-1, as mentioned above. After it is movable to X shaft 
orientations and Y shaft orientations and processing to one processed field of the processed 
substrate 1 7 is completed, X-Y stage 30 moves the processed substrate 1 7 so that the next 
processed field of the processed substrate 17 may be located in the scan field by the scan 
system 16. 

- " [0015] The KARAIDO reflecting mirror 22 is explained with reference to drawing 2 . It combines 
and the KARAIDO reflecting mirror 22 changes so that four rod-like structures 22-1 to 22-4 of 
- the cross-section length square which consists of oxygen free copper may be made by the 

/ . centrum 22-5 among these. These attachment is performed by the bolt 22-6. Especially the 
centrum 22-5 used as the passage way of a laser beam has a square cross-section 
configuration, and mirror plane finishing is carried out so that the inside may moreover serve as 
a reflecting mirror. 

[0016] According to such a KARAIDO reflecting mirror 22, the laser beam which carried out 
incidence is reflected multiply within a centrum 22-5, and, as a result, the energy intensity 
distribution of a laser beam are made into homogeneity. The uniformity coefficient of energy 
intensity distribution is determined by the magnitude of the size of the cross-section 
configuration of the laser beam which carries out incidence, the focal distance of the condenser 
lens 21 for incidence, and the cross-section configuration of a centrum 22-5, and the overall 
length of a centrum 22-5. The count of a multiple echo increases and a uniformity coefficient 
improves, so that the overall length of a centrum 22-5 is long. With this gestalt, although the 
overall length of a centrum 22-5 is set as the die length to which at least 3 times of multiple 
echoes are performed, since a loss will increase if the count of a multiple echo increases, its die 
length to which about several reflection is performed is desirable. 

[0017] In addition, as an ingredient of the KARAIDO reflecting mirror 22, it is C02. In the case of 
a laser oscillation machine, the beryllium other than oxygen free copper can be considered. On 
the other hand, when using an YAG laser oscillator and a excimer laser oscillator, a glass 
ingredient like a quartz can also be used. 

[0018] By using such homogeneity optical system 20, the energy intensity distribution of the 
laser in a laser beam exposure region are equalized, and, in punching processing to a printed- 
circuit board, a laser beam with uniform energy intensity distribution can be irradiated together 
with adjustment of the laser beam energy by the laser intensity stepless gradation ready device 
13. This is effective at the following points. That is, the conductive layer by copper foil is usually 
formed in the inferior surface of tongue of a printed-circuit board. And with old laser-beam- 
machining equipment, the energy intensity distribution of the laser beam in a laser radiation 
region turn into Gaussian distribution, and energy is as large as the core of a laser beam. 
Consequently, it does not remain for making a hole in a printed-circuit board, but there is a 
trouble of being easy to do damage to a conductive layer. On the other hand, since according to 
this gestalt energy intensity distribution also serve as homogeneity while the energy of the laser 
beam in a laser radiation region is adjusted, damage is not done to a conductive layer. 
[0019] In the laser-beam-machining equipment of this gestalt, whenever [ maximum angle-of- 
divergence / of the laser beam from the laser oscillation machine 10 ] is set to 5mrad(s), and it 
is the focal distance f1 of the condenser lens 21 for incidence. If 120mm, the spot size of the 
laser beam condensed at the entry of the KARAIDO reflecting mirror 22 will be set to diameter- 
at-the-maximum-equator 120x5=600micrometer. For this reason, size of the cross-section 
configuration of the centrum 22-5 of the KARAIDO reflecting mirror 22 was set to 
900micrometerx4500micrometer. The image of the laser beam of the outgoing radiation edge of 
this equalized KARAIDO reflecting mirror 22 serves as a rectangle of 

900micrometerx4500micrometer size. In order to reduce the size on the exposure region of a 
laser beam, i.e., a processing side, to one third and to project this image, it is the focal distance 
f2 of the image formation lenses 14 and 15, and f3. The ratio was made to be set to 3:1. At this 
gestalt, it is a focal distance f2. 600mm and focal distance f3 It was referred to as 200mm, and it 
set up so that the distance to the image formation lens 14 might be set to 600mm from the 
outgoing radiation edge of the KARAIDO reflecting mirror 22. 
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[0020] Consequently, as for^^^spot size of the laser beam on a proc^^ig side, energy 
intensity distribution are equaled by 300micrometerx1500micrometer. 
[0021] This invention has the description at the point which enabled two or more punching 
processings at once by the laser beam with a bigger spot size than an old thing that energy 
intensity distribution were equalized in this way. Below, this is explained. 

[0022] With reference to drawin g 3 , the case where punching processing is performed to a green 
sheet is explained. In recent years, the size of the hole needed for a green sheet and a pitch 
have been contraction-ized with the densification of electronic parts, and high integration. A 
short pitch side is [ a 600 micrometer and long pitch side ] 1 200 micrometers, and, as for the 
size of a hole, the green sheet of a maximum of 150mm in the width of face by the side of a 
short pitch is offered, as for the diameter of 1 00 micrometers, and the pitch. Of course, this is 
an example, according to the class (product) of green sheet, a short pitch side is 800 
micrometers or 1 000 micrometers, and a long pitch side may call it 1 600 micrometers or 2000 
micrometers. 

[0023] A contact mask method is adopted as punching of the above green sheets with this 
gestalt. As shown in drawing 4 , this is installing the contact mask 200 which has the desired 
path and desired pitch of a hole on a green sheet 100, and irradiating the laser beam of the spot 
size mentioned above through the contact mask 200, and realizes the path and pitch of a 
required hole. 101 is a conductive layer. 

[0024] As shown in drawing 5 , when performing punching of the spot size explained by drawing 
1 , i.e., a green sheet as shown in drawing 3 by the 300micrometerx1500micrometer laser beam, 
you can understand that three punching processings can be performed at once. 
[0025] By the way, as a contact mask, the laser beam was reflected well, a thermally conductive 
good ingredient, for example, beryllium copper, and oxygen free copper were used, and the 
required through hole was formed by etching processing. 

[0026] Although the above-mentioned explanation is an example which processes three holes at 
once, even if it is a green sheet as shown in drawing 3 , it can offer the laser-beam-machining 
equipment which carries out coincidence processing of the four or more holes according to the 
improvement in an output of a laser oscillation machine, and the fall of whenever [ laser angle- ^ 
of-divergence ]. 

[0027] This invention is applicable not only to a contact mask method but a conformal mask 
method as shown in drawing 6 again. By the conformal mask method, the printed-circuit board 
110 and mask 210 which are a processed substrate are unified beforehand. 111 is a conductive 
layer. Therefore, the exposure field to a mask 210 is divided into the field corresponding to the 
spot size of a laser beam, and by making it irradiate a laser beam one by one to each field by gal 
BANOSUKYA, even when the size or the pitch of a hole are not fixed, two or more holes which 
enter in the spot size of a laser beam can be processed into coincidence. 

[0028] In addition, such even case, this invention is not applicable [ in old punching processing, it 
is usually carried out at 2-4 shots, and ], although the above-mentioned explanation is made to 
perform punching by one shot of laser beams also until it says. Moreover, a laser oscillation 
machine is TEA-C02. It can be used not only with a laser oscillation machine but with laser 
oscillation vessels like a throat, such as a excimer laser oscillator and an YAG laser oscillator. 
[0029] 

[Effect of the Invention] As explained above, since the laser-beam-machining equipment by this 
invention can perform two or more punchings to coincidence, its working speed improves by 
leaps and bounds. Moreover, since adjustment and intensity distribution of the energy of the 
laser in a laser beam exposure region can be equalized, it is suitable for punching processing to 
the printed-circuit board with which the conductive layer especially by copper foil is formed. 
That is, punching can be performed, without doing damage to a conductive layer. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing having shown the outline configuration of the laser-beam-machining 
equipment by this invention. 

[Drawing 2] It is a front view for explaining the structure of the KARAIDO reflecting mirror in the 
homogeneity optical system shown in drawing 1 . 

[Drawing 3] It is drawing having shown the example of arrangement of the hole formed there 
about the case of a green sheet as an example of the processed substrate used for this 
invention. 

[Drawing 4] It is a sectional view for explaining punching by the contact mask method with which 
this invention is applied. 

[Drawing 5] It is drawing for explaining relation with the hole shown in the size and drawing 3 on 
the processing side of the laser beam obtained by this invention. 

[ Drawing 6] It is a sectional view for explaining punching by the conformal mask method with 
which this invention is applied. 

[ Drawin g 7] It is drawing having shown the outline configuration of a GARUBANO scanner. 
[Description of Notations] 
10 Laser Oscillation Machine 
1112 Reflecting mirror 

13 Laser Intensity Stepless Gradation Ready Device 

14 15 Image formation lens 

16 Scan System 

16-1, 16-2 The 1st and 2nd galvanomirror 

1 7 Processed Substrate 

20 Homogeneity Optical System 

21 Condenser Lens for Incidence 

22 KARAIDO Reflecting Mirror 
30 X-Y Stage 
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XfflfflZti. ^—rb-AJr^acKHrt (Mz-tf-Vltf 
H*^ft. 

[ o o o 5 j zzx. wmvami* Kbwm.<7te 

JS^>rfi]±^ m& z t <?>X% h V-^VMW.*W!kth 
[00 06] 

^^W^x^cou-ifb'-ASrteJnia^tc^LT 

b'-A<7)3tS+tKl— ifb'-Ac7)3K*$:il^fi<)^5m: 
<03t»*iai@iBS««$:i5(ts f£3fctis&P§ifflglSJio 
f^{c(iHtc. !fb'-AX^;l,^-<^S^5:*^- 

\L-K<mwim*&mm\,z^, mmmr&mz 

wmnttihYtM/iXW '—>*¥ir>i X9 ^Mtxv 

— f b-A zmm-& ztizj:*). mnizmmco'Xh 
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[0007] mmxAmfflBvm®ffi&. v— rb-A 
[0008]-*, luie^-ft^Ji, zmmaizx *) 

[0009] #&0J!K<J:ft(££*:. liftB^^ KSt»fg! 

y S5-fc, ^1O^';WnV5 5-*^<50^— ffb'- 
a £ mrie»x*«Jb{cfc v Yftt^fa teg ^ s 
OYfftffl^S^cOtf^NV 5 Sr-t-tf.1 fc Sr^fSi: 

[ooio] mitff Ysamtmvtf^/w^ + 

tt^Sdi. 4*5r< t> 1 o^SS^yx^J: 9«ifie 
YWmm^hffiV— tfb'-A<7)BIr®Jg«Sr^/jNt 

[0011] mm-?Z.?lzl±a>77h-?x7. 
[00 12] 

[^^Hifeco»®] &.Tiz. mmz»mLx*5twco 
mmcommiz^xmm^^ . am. ^ajtcisi^ 
— *fiaxsa^«t^««$-^-r. hkcssiyt. >:ct 

fcL ^-iff&feigfc UTEA (Transverse 
ly Excited Atmospheric pr 
essure)C0 2 tfXU— IffySfl (ETF. P~1f 

ii.i2 zm& ix v— f x&m®mismmffi 1 3 c 

kZti*Wmth^vV>7*;-irb$:-$;A,X\ ii* 

J&flfl 3CASt?-&^-1fb'-Ali. SIS?. BrtB^'l 1 
mmx 9mmJSJg<7)-tM X«I*f^-5tV»l,. 1^- 
1f*«*S&PgpSiH?il 3i2. ^coBJrBn*^OV-if 
b'-A^^Wtc-^SiJPRLTflJOm-r. -cLT. «9 
1fb'-Ac7)x^;U^-{S v ^coWOffiLffi 

[0013] l^-if3tfiftESPtPffia« 1 3*>^c0l— 
ifb'-A<J, i^-3l^^2 0tCAItri>. ^rt^2 



T f if£j£r & ** . ^ - F h h \ ^i-e/Uf-*:- H 
(Omm^i:^>V— J >fiMtmm^tuyX2 l te«fc 0 

li^nnnx'^nKm** m tx u— rb-A^x* 

^ 2 0 £ ttiJt L'-if b- Af i . f 2 , f 3 O 

teil^yXH. 1 5t:J:»)»'htS»$it, fi>$L*:# 
;P^Vx^f-v^j:S^E^l 6tcJ:>)©f>ix. x-Y 

xx-^'3 o±cosanixa^i nzmmztih. 

[00 14] zzx\ felE^i6{i. frat7tJ;3(;. 
u-ifb-A^x-Yx^-i/3 o±tct>ft-?»?ifcDia:s 
«i 7<oSJnx®^, -«r*>^aE«Wt«L.TXiWr 
$\tzmh*t&tzib<?tt 1 <r>%)\,*; S7-i6-it s 

^ 1 <Mi)V^J S7-I6-I *>fe«0W— tf b-A£ Y 

«ciri«ifcSfe**fc»o» 2co^f^-cy $ =j- 1 6 - 2 
tS-^r-rs. x-Yxx-^'sojixwrs-ifii. YW^rr&i 
{c^»T'*> 0 . mzzmm 17^1 o^Mwx^tc^t 

Jdxs« 1 7 <o&<o&ain:fii£#fi»r & i d tcSfcSDX 
S«l IZ&Wteith. 

[00 15] H2Sr#MLT. KStfM2 2(co 

mm-&mft&<7)4*(Dmite2 2-1-22-4$-. 

CltT.^c0Sfc4'^l52 2-5 *J-C# &£o 

T^4. ^^i^OfflftWi. X)Vh2 2-6X"fihiX 

£>. l^-ifb'-A<?Da3§SSi: ^4>^2 2-5 

[00 16] <I<7)«td^5-f HRSt«2 2fc:J:<xtf. 
AWLTtl^— !f b-A«4»^S2 2-5 nX&WxM 
U -eo^mP-lfb-A^x^^^-^jK^*^- 
tc§ttl>. x^;^-3fiJg^<7)^r-^«. ASrr-l»L- 
— rb'-Aco»«#tf)-»M X. Altfflm3tl^yX2 1 
*>Jlfu£!S8L 4>^?2 2-5co»r®^K^#$. S.t/ 
ct ,^ 2 2-5co^«tcJ:'5^$ixS. 4>^2 2- 

i6j±-ri>. *«2g-eti. +sai52 2-5o^*(i. ^ 

< t h3®V&mmttffibtl&fk1*lzmLZiX&1)K 

&n%tt<?>wim*mz.&taxtfm\t?&<7)X\ $n\B\m 
[ooi7]=&Nfc. /j : 7^v^m2 2cr>mnt lt 

'JU^A*^^^. fl!l*. YAGP- tf^ffifg. X 
^•>-7^-1f%ffiSS:«ffl-rs^^cti, 

[00 18] Z(V£o%2}-3£&%k2 0tm^&Ztt,Z 

£9. u— ffb-Affgitigrcoi^— rox^^^-^s 
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Ax*;l^-<DH8 t £;b-£T . feJ-^x^l^-SSS 
*?5!:j*oU-fh'-A £ HUt f 6 Cl b #T'# £ . i tl 

ryftftb Ke 9 * u-if b'-A<7)4"WJ ifx*jwf — # 
[0019] *&m<?>u— FinxgiWizti^xii. v- 

If^fiHl 0*^<Ol^-1?-'t--Ac7)g^j£*i'9AS5:5 
mradtU Attffl*3fcl^yX2 1 0)Mj8gmt 1 £ 
1 20mmmJ:. h'Rtt^2 2cDA l 9DTm 

ftSflSl'-- f b*-A<7)X;K.y b-»MX«:, SAfigl 
20x5 = 600,umi:&'&. t(0fclsb. Y'WM 
M2 2 co*££P2 2 - 5<7Mmmk<r>*r4 X»4, 9 0 0 
^mX4500^mtLt. K 
Klttm2 2cr>mm^V— **b'-A<0<IU4.. 900 urn 
X4 5 0 O^mcDIM XO^t^rS. d^Srl^— <F 
\Z-l*<msm. -t %b*>t\UM±.X<W4 X£ 1 /3 

j£J6fitf2 , f3 <7>Jt2r3 : 1 lc3r& J: olzLtz. *B 
It'll IMf2 5-6 0 0mm. J&uS§0*f3 5:2 
OOmmtU #5-f F^S!2 20aJ3tSga>£>t£&l' 
VX 1 4 *TtfDEJl36«6 0 0 mmfciJ J: 3 lcf£5g L 

C 0 0 2 0 ] -?-?>*SJ!k JPlMiT'^l—- »f h'-AOX 
stf-yMMXfct. 300//mX 1 500jwmT-x^.;Pdf 

-ttS^^^-Hts fir V > 4 . 

[0021] *JMHMt % d<r)J; 3 tx*;l^-3ftg#:fc 
**%—fl:S*t^. dix^T'cOtcoiOAt^X^ y 

[00 2 2] H3£#BBLT. T'y-y^- Mcft&fl- 
s&g-ft; . iwws-fbcf+t \ ^ o - y is- v \,z-$m tzti 
47W1MX. vv^im>\^tix%x^%. 

^XttlglOOwm, t7fliffle7fI*«6 0 0At 
m . It 7 1 2 0 0 u mX\ «b >y ^-{fflc9|S## 
Al 5 0mmtV>-5^^U->-v-h*^tt$fl.-CV-> 

4. ^f&. .I*U4-0«T-5!>9. 7v->~>-hcr>nm 

K4 9Mby^-<||#8O0,um3>4VM41 0 0 
0/xmT\ *f>y^fflj#l 6 00nmi)5V«20 0 0 



[0023] *Jg®T'«. IMlcoii o %7V->~s- b 

04 IZTfcfX o tz. fV-yi/- h 1 0 0±.lzffiM<r>K 
(r>&bV-/^*%K>ay?7 hvx? 2 0 0 £BWU 
±3*t^x,-Ky Xcou— Tt'-ASrny^^ 
x^2 00SratT.^Stf 4^i:T\ ^^r^WSt f 
•y i: S-USt" 4.101 ttSHWC* & . 

[ o o 2 4 ] a 5 izyjk-ti. otz. mi xm.m Ltzx#- y 

W4 X % t^*)3 0 0*(mx 1 5 0 0jum<0l"-1f 
t'-At-i 3 K^-T J: d ^ V - KTD^feJtSrfi 1 

[0025] fc-I^T'. =7^^^ h-7X^i: LT<4. 1^ 

vvy^m^mmmm^nmL. ^^Rjiyttix-yf- 
[0026] ±.izcomm^ -Bz^meyKZiax-tz 

mX'fo&tf, H3tc^-TJ:3^U-y^-hT^oT 
[0027] *%TO^/c:, rJ>^? hvX7*iC(CIS 

i>mmx'$h. 3>7t-vy^x;Mta, ajnx 

««Ti)4XU>-hffi^Sl 1 0fc7X;2 10t^ 
$>t>frtib— MtZtiX^hijCDX'hh. lll{i^m 
ST'$>S. Lft^t, VX?2 1 O^Bg^j^^^ 

-fh-Am^7 h?-<xiziim-t$>mmzftw~t& 

-A^B^-r^iot-rS.ItT'. T^crj^X^f y^- 

mzAm&oKzm&Hztoxx'Z h . 

[0028] ^rtj. ±mcommx'i£. Khnzis— rb* 

fcftjDXTii. iiS2-4>-3 -y bXft*>tlX&*) . Z 

*SV\ ^7t, V— ¥&ms\t. TEA-COj 
SStCRB^-f. X^fy7l/- if^gS. YAGU- 

[0029] 

imicr>&>m &L±MWLX2fi:J:olz. *%b^J;4 
b*-A^^T^l/--fc7)jt^;P^-tf0iiSSt^K^- 

fkT-^4^T\ mzmmizxzmnm&Bi&z 
ti&TV>bm&mm / \cr>?tMniinLizmLx\^. -r 

mwmiz®MZ5-z.%zb%<KS>\ J rZino z 

[0i ] *ftmz£hu-?Mxmmcomteffiis.z?jkL 
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[02 1 0 i izTKZtitzti-x&mztitfhxyj yk i+mnmm 

Mm<ommzwm^z> tz^immxh & . i o 

tH3 ] ^ftmzffiazti&wiMxmmw-Mb lx. i i , 

yv—y^-h^^iz-o^x^^zm^ti^^m 13 

[04 ] xmitfmmzti&^y?? wz.-7-Kmzx 1 6 

[05 ] #fgBjjK X *)'&e>tlh\s~ Tt'-A(OjDXffi± 1 7 

tW-f Xi:03 {C^^n^^i:cO^$:IKB^ri»7t46 2 0 

^0T'£>&. 2 1 

[06] ^wai^iti, ay 7 22 

iz£hKhv*mw^ht&<nwmmxhh . 3 0 

[07] ^;^NVx^-v^w«tB6«^^L7t0-Cft 



1^— trfHsss 

1 2 

1 5 mmu>x 



16-1, 1 6-2 



X-YXf-y 



E2<0^^sV$7— 



[01] 



[07] 



A. 



16-2 



j * r • / I' -r^-^v 1*2 f3j 

21 / 22 

13 20 xn 




15 



17 



30 J_ t 



16 



16-1 




[02] 



[03] 



[04] 



22-2 




600 



[05] 

900 /*m 



22-1 l200 M m 
22-5600 M mX 0 o o 



22-4 



^lOO^m 



o o 

o o 

o o 

o o 



I I 



200 

max >yyj uvyj uvy] lA/VJ-r? — *" 

150mm KM, KM ,IN\S^ >0 ° 



[B6] 



1500 Mm 



100 /im 



l I i I ^_^2I0 



